Abstract
INTRODUCTION
Personality type theory offers one tool to describe patterns, preferences, and tendencies in human behaviour. Among other things, differences in how individuals interact with one another, take in information, and make decisions can be described using type theory. Team work is an essential element of engineering and is increasing expected in higher education by students, employers, and accrediting bodies [1] , [3] . Differences in personality type of the members on a team have the potential to improve team effectiveness by increasing diversity of perspectives and behaviours [2] , [8] , [14] , but these same differences may also may increase tension between team members [4] , [13] .
The Myers-Briggs Type Indicator (MBTI) is a common tool used for describing personality type and it is based on four domains:
 Introversion / Extraversion: inward directed focus or attention (I) versus outward directed focus or attention (E);  Sensing / iNtuition: observation of tangible and concrete details, often relying on the five senses (S) versus observation the "big picture," often willing to trust hunches and possibilities (N).
(Note: the symbol "N" is used for iNtuition as "I" is already used for Introversion);  Thinking / Feeling: objective decision making based on logic (T) versus subjective decision making based on values (F); and  Judging / Perceiving: taking action and making decisions to achieve closure (J) versus delaying decisions to collect more information and keep options open (P). The current study examines student behaviour in a second year mechanical engineering design course in the context of the above four MBTI domains. In the course, students are introduced to the MBTI through readings, a team-formation survey, and a series of workshops. Design teams engage in various collaborative group activities inside and out of the classroom, including team reading quizzes, tutorial exercises, design projects, presentations, and reports. There are also individual elements in the course including individual reading quizzes, exams, and questionnaires. Peer evaluation is used throughout the course in order to determine how team marks influence and individual's grades.
It is often argued, at least anecdotally, by Team-Based Learning practitioners that team decisions are initially made by those with the "loudest voice" but over time the quieter members begin to speak up and contribute more equally. The first objective of this study was to verify or refute this argument using objective course data. Likewise, there is an implicit assumption in using peer evaluation in course grading that the results are objective and valid -that is, evaluations are based on a student's actual contributions to a team as opposed to subjective perceptions, coloured in part by their personality type. The second objective of this study was to examine extensive peer evaluation data to identify whether this assumption is valid.
Drawing from required course elements (tests, projects, assignments, questionnaires, and so on), data for a total of seven cohorts from 2007 to 2013 have been collected and analyzed in relation to the various domains of the MBTI. Aspects of performance considered include the influence of the Introversion / Extraversion preference on team test performance and the influence of all four domains on the peer evaluation scores received by students. This builds in part on previous studies [12] that examined student personality type influences on student perceptions of peer evaluation.
The sections below first outline the course context for the study, with details on course format, team formation, peer evaluation, and team dynamics instruction. The methodology for the study is then presented, outlining the assessment of individual's influence on team decision making and the relationship between peer evaluation scores and MBTI preference. The results and discussion section presents the data collected and their interpretation, and is followed by conclusions that summarize the work highlight implications for teams in design engineering education.
COURSE CONTEXT
This study was conducted in the Department of Mechanical Engineering at the University of British Columbia (UBC) in a second-year mechanical design course (MECH 223). The course is part of the integrated Mech 2 Program introduced in 2004 [9] . The typical course enrollment is 115-125 students and seven cohorts from 2007 to 2013 were considered.
The course is delivered using the Team-Based Learning (TBL) approach [8] (details on the course-specific TBL implementation can be found in [5] , [6] , and [10] ). All students attend a common lecture section (i.e. there are approximately 120 students in the classroom at one time) and they are split into four sections for other activities, such as tutorials, team meetings with a teaching assistant, computer labs, and so on. The MECH 223 course is atypical in several respects: first, it is a full-time course that runs for seven weeks (students do not take other courses at the same time); second, the course is split into two parts (four weeks in January and three weeks in April, each with a separate major project); and, third, the course is large in scope at seven credits (a typical course at UBC is three credits).
Following recommended practice, teams of six to seven students (20 teams in the course) were instructorformed [2] in order to maximize diversity [4] , [14] and to minimize previously established subgroups [8] . Prior to the course, students completed an abbreviated version of the MBTI online through the TypeFocus tool (http://www.typefocus.com). A mandatory course intake questionnaire then collected each student's MBTI preferences as well as self-reported ability with hand skills, software skills, communication skills, and team skills. The above information was combined with GPA from previous courses to form teams that were heterogeneous across all personality, skill, and GPA criteria. Each team possessed at least two members with each MBTI preference with the exception of the Feeling preference; in most years there were not enough students reporting a preference for Feeling to uniformly distribute them across all teams in light of other team formation constraints. This use of Myers-Briggs types in forming student teams is also used by others; Lester et al. [7] suggest the use of Myers-Briggs as one approach to minimize "disaster groups" in engineering projects. The same project teams were maintained for the course duration, including the January and April sessions.
As part of course requirements, students completed six mandatory peer evaluations using the iPeer online software tool (http://ipeer.ctlt.ubc.ca). Three evaluations were completed using a point-based evaluation in which each student distributed an average of 100 points per other team member (students could reward above average performance with an score above 100, but that required lowering the evaluation scores, on average, for other team members). The other three evaluations were completed using a rubric-based approach in which students evaluated their teammates on four criteria (communication, initiative, responsibility, and professional behaviour) across four levels of mastery (below expectations, marginal, meets expectations, and exceeds expectations). The raw numerical scores for the rubric-based evaluation were normalized on a evaluator-by-evaluator basis to an average of 100 to match the point-based evaluations. Both forms of evaluation required the students to provide comments to justify the scores they assigned.
A comparison of each of the two methods was previously reported in [12] . Half of the teams used the point-based evaluation for the first project and rubric-based for the second, and the other half of the teams used the same evaluations in reverse order. After each evaluation, students received aggregate scores and anonymous, randomly ordered comments from their teammates. The average peer evaluation score for each student at the end of the term was multiplied against their team's net grade in order to determine the individual portion of the team grade recorded for that student.
Lastly, as part of the design course, students were introduced to the MBTI and team dynamics in multiple ways. Students completed a short textbook reading (4 pages) on the MBTI and its implications for team work at the start of the course. At the start of each project they also participated in a team dynamics workshop (one in January and one in April). The first workshop focused on understanding the MBTI and developing strategies for working as a team based on the distribution of types on each team. The second workshop focused on debriefing the experiences from the first project and then developing strategies for giving and receiving feedback and managing conflict. Further information on the team dynamics workshops is available in reference [11] .
METHODOLOGY
The influence of personality type on team work was considered by attempting to identify differences in test performance or peer evaluation scores based on students' MBTI preferences. The specific elements that were considered include:
 Chance of being influenced: the likelihood that an individual would arrive at the correct answer to a question on a reading quiz but the team response to the same question would be a different (incorrect) answer was measured. This was examined in the context of the Introversion / Extraversion MBTI domain; type theory suggests a student with a preference for Introversion would be less outspoken and more likely to fall into this category.  Chance of influencing others: the likelihood that an individual would arrive at an incorrect answer to a question on a reading quiz and the team response to the same question would be the same incorrect answer was measured. This also was examined in the context of the Introversion / Extraversion MBTI domain; type theory suggests a student with a preference for Extraversion would be more outspoken and more likely to fall into this category.  Peer evaluation scores received: the average peer evaluation scores assigned by teammates was compared for each of the four MBTI domains. Several differences that could potentially boost evaluation scores on average could be anticipated based on type theory: those with a preference for Extraversion could be viewed as "more social;" those with a preference for Sensing could be viewed as more practical or focused on project details; those with a preference for Feeling could be seen as warmer or more caring; and those with a preference for Judging could be seen as possessing greater drive or follow-through. The methodology to examine the above three elements is outlined further below.
Measuring Influence by or on Others
As part of the TBL teaching approach, students complete a set of assigned readings for each course module and then take an in-class quiz on those readings. The reading quiz is completed prior to any classes, tutorials, or other teaching activities on the reading topics. The reading quiz consists of usually 20 questions, all multiple choice. Of particular importance in the current context, students first complete the reading quiz individually by marking their responses on a computer score card, and then they complete the quiz a second time in their teams. The team quiz questions are identical to those on the individual test, but this time responses are recorded using an Immediate Feedback Assessment Technique (IF-AT) scratch card, as shown in Fig. 1 . ` 
Peer Evaluation Scores Received
The peer evaluation scores received were examined based on the evaluatees' MBTI preferences. A separate statistical comparison based on a two-tailed t-test for the difference in means was completed for each of the four MBTI domains. Each cohort was considered separately first and then aggregate results were examined for all cohorts together. The sample sizes by cohort and the distribution of types within each cohort as summarized in Table 1 below. As described in Section 2, each student completed a total of six peer evaluations in which they evaluated each other member on their team. 
RESULTS AND DISCUSSION
The sections below present the results and discussion for the points raised at the start of Section 3: what is the likelihood a student will be influenced by the team during team decision making, what is the likelihood a student will influence others during team decision making, and do peer evaluation scores received by a student have any relationship to personality preference as described by the MBTI.
Likelihood of Being Influenced by Others
Based on the individual and team reading quizzes described in Section 3.1 above, the likelihood that an individual with a correct answer was influenced to go along with the team in choosing an incorrect response was quantified by the ratio below, Instances I-types change answer n Instances E-types change answer n I E where n I is the total number of students expressing a preference for Introversion and n E is number expressing a preference for Extraversion. No difference between the two groups on average corresponds to a ratio of unity.
The results in Fig. 2 below show, for the cohorts studied, that students with a preference for Introversion are on average 16% more likely than their Extraversion counterparts to be influenced to go along with the team when they have the correct answer. This phenomenon is present for all four years for which data has been analyzed, and discrepancy ranges from a low of 6% to a high of 37%. This is in spite of the interventions and strategizing through team dynamics workshops to highlight this potential issue. Perhaps more concerning, this issue is more prevalent in the second half of the course than the first (the overall averages change from 1.10 for January to 1.23 for April). 
Fig. 2. Ratio of I-types influenced to E-types influenced
These results suggest that if teams worked harder to engage members with a preference for Introversion (that is, less outspoken individuals), the team would benefit but up to 16% fewer incorrect decisions on average. The results also suggest that the commonly held belief among TBL practitioners that Introversion / Extraversion differences in decision making diminish over time as the team develops is false.
Likelihood of Influencing Others
Considering the opposite case where a student has an incorrect answer and the team selects the same incorrect answer, the assumption is made that the individual played a role the influencing the team decision. In this case the effect is quantified by the ratio below where n E and n I are as defined above. Again, no difference between the groups corresponds to a ratio of unity.
Instances E-types and team have same wrong answer n Instances I-types and team have same wrong answer n E
I
The results in Fig. 3 show that in instances where the team selects an incorrect answer it is consistently more likely that a student with a preference for Extraversion also had that same incorrect answer. For the cohorts studied, this effect ranges from almost no difference (1%) to a high of 20% and an average of 8%. These results are consistent with those from Section 4.1 and they suggest that if teams made more of an effort to balance input from more outspoken members (those with a preference for Extraversion) with input from less outspoken members (preference for Introversion), the team would benefit with fewer incorrect decisions. Also consistent with the previous findings, this effect became more significant as the course progressed (the ratio grew from 1.05 in January to 1.12 in April).
Differences in Peer Evaluation Scores
Average peer evaluation scores for each MBTI domain are shown below in Table 2 through Table 5 along with the p-value corresponding to a two-tailed t-test for the difference in means. Instances where the measured difference can be considered statistically significant (p ≤ 0.05) are identified with the p-value bolded and italicized. 
<0.001
As shown, no statistically significant differences were observed for the first three MBTI domains (Introversion / Extraversion, Sensing / iNtuition, and Thinking / Feeling). In the Judging / Perceiving domain, statistically significant differences were observed in five of the seven cohorts as well as all cohorts combined. Also of note, the observed differences of students with a preference for Judging receiving higher peer evaluation scores on average than those with a preference for Perceiving are true for all seven of the cohorts studied. As shown, the average difference in peer evaluation grades is 1.0%.
To rule out other factors besides Judging / Perceiving as contributing to the observed differences in peer evaluation scores, exam performance and lateness in submitting assignments were compared for the two groups. There was no statistically significant difference between the two groups in terms of the likelihood of missing an assignment deadline nor was there a difference on the first of two final exams (testing cognitive ability in comprehension and application in design). Interestingly, there was a statistically significant difference on the second final exam that tested high-level cognitive ability in design (synthesis, evaluation, and judgement) with those with a preference for Perceiving outscoring those with a preference for Judging by nearly 2%. This stronger exam performance is the opposite of what might be expected to explain differences in peer evaluation scores.
The most likely explanation for the difference in peer evaluation scores for the Judging and Perceiving types lies in the perception of task completion by peers. Given those with a preference for Judging are more likely to commit to a decision or course of action, get the job done, and move on, this could be viewed favourably by others. In contrast, those with a preference for Perceiving may delay making a decision or taking action -perhaps for very good reason such as to further think things through, make sure a decision is the right one, or avoid jumping to a conclusion -which ultimately could mistakenly be interpreted as procrastination or laziness. The lack of a difference in submitting required course materials on time and the slightly improved exam scores noted above suggest the students with the preference for Perceiving are at least as capable as the students with the preference for Judging; in other words, peer evaluation score differences appear to be explainable in terms of perception rather than actual ability or contribution.
CONCLUSIONS
The influence of personality type on several aspects of teamwork in engineering education has been examined. Personality type was classified according to the MBTI and two main impacts were considered: does preference for Introversion or Extraversion affect an individual's influence on team decision making and is there a relationship between an individual's personality preferences (across all four MBTI domains) and the peer evaluation scores that person receives.
In all cases differences were observed. Students with a preference for Introversion were 16% more likely than their Extraversion counterparts to go along with the team in selecting an incorrect answer to a test after themselves previously correctly answering that same question on an individual test. Similarly, those with a preference for Extraversion were 8% more likely to have selected the same incorrect answer on an individual test that the team later selected on a team test. Following type theory, it is inferred that those with a preference for Extraversion have a greater influence on the team by virtue of their more outspoken nature. These trends were found to become more pronounced as the course progressed, refuting the claim by some that Introversion / Extraversion differences diminish over time in persistent teams. Importantly, these differences are observed in a course where teams are explicitly made aware of the potential for this effect through workshops and other interventions requiring discussion and strategizing of how to avoid these issues.
Lastly, a statistically significant difference amounting to 1.0% in peer evaluation scores was observed for those with a preference for Judging compared to those with a preference for Perceiving. Following type theory, it is presumed this difference is due to a perception that those with a preference for Judging are more likely to take action and make decisions more quickly than those with a preference for Perceiving; delaying action or decision making, even with good cause, could mistakenly be interpreted as laziness or procrastination. There were no statistically significant differences observed for the other three domains (Introversion / Extraversion, Sensing / iNtuition, and Thinking / Feeling) at least lending some support to the use of peer evaluation as an objective measure.
